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Abstract 
This study aims to promote the use and quality improvement of foot care nursing. From experimental data obtained from 15 
elderly subjects aged 65 or over, we visualized and examined differences in the subjects’ cerebral blood flow between foot care 
massages using aroma oil and those without aroma oil via a near-infrared spectroscopy (NIRS) device. We also examined 
differences between male and female subjects using aroma oil, as well as differences between massages of the left and right foot, 
to clarify the aroma oil’s relaxation effect.As a result, we confirmed that the relaxing effect of an aroma oil massage was greater 
than massage without aroma oil, and that the relaxing effect of an aroma oil massage for females was greater than that for males 
and greater for the left foot than the right. 
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1. Introduction 
As a countermeasure against foot lesions caused by aging and diabetes, interest in foot care nursing as an 
effective medical treatment has grown, especially when combined with aromatherapy1, 2. Aroma oils relax the mind 
and body and increase the intrinsic self-healing power of humans3. In this study, we used a near-infrared 
spectroscopy (NIRS) device to measure the blood flow in the human brain during foot care nursing with aroma oils 
to confirm the influence of aroma oils on relaxation. This NIRS device measured the relative changes in the 
oxygenated hemoglobin (oxy-Hb), deoxygenated hemoglobin (deoxy-Hb), and total hemoglobin (total Hb) in the 
blood flow of the human brain and specified which part was being activated4.  
Previous studies reported the stimulation effects caused by smell using NIRS on the human brain, whose 
orbitofrontal cortex corresponds to activation5, 6. Differences have been reported in the quality of the smell and the 
activated state of the human brain7. We visualized and examined differences in the cerebral blood flow of subjects 
between foot care massages with aroma oil and ones without aroma oil. We also examined differences between male 
and female subjects undergoing aroma oil foot massages and aroma oil massages of the left foot versus the right foot 
to clarify the aroma oil’s relaxation effect. Information visualization has the effect of promoting information 
sharing; thus, we aim to promote the use and quality improvement of foot care. 
2. Outline of experiment 
In our experiments, three female nurses certified as foot care instructors performed two sets of foot care nursing: 
massages with and without aroma oil. Our subjects were nine females and six males over the age of 65. We obtained 
aroma oils from essential oils by blending Lavandula angustifolia, tea tree, Ravensara, Palmarosa, and Chamomile. 
We measured the prefrontal association area (from the 1st to 22nd channels) and the somatosensory association area 
(from the 1st to 22nd channels). We used an NIRS system developed by Hitachi (ETG-4000, 44 channels) to 
observe and record the hemoglobin concentrations in each subject’s brain.  
The probe holder included 44 optical source-detector channels to monitor the relative changes in the hemoglobin 
concentration in the subjects’ brains. The channels covered both the brain’s prefrontal and somatosensory 
association areas. To assess the activation of the human brain functions in these areas, we observed the blood 
hemoglobin concentration of each subject from the massage’s beginning to its end. The relative changes in the oxy-
Hb, deoxy-Hb, and total-Hb concentrations from the 44 channel points were simultaneously measured and recorded 
for each subject. We used the amount of change in oxy-Hb concentration for analysis in this study. Oxy-Hb is a 
reliable parameter for these three measurements8. This experiment was conducted after obtaining the approval from 
the Research Ethics Review Committee of the Nippon Institute of Technology. 
2.1 Experimental design  
Our experiment used the block design shown in Fig. 1. In a previous study by Eto and Yamazaki et al.9, a 
massage time of 60 seconds was adopted to focus on its effect. In our study, the time was 180 seconds. Nothing is 
done during Rest 1 (rest) (20 seconds) and Task 1 consists of simply putting hands on the subject’s foot (60 seconds). 
Task 2 is the massage of the subject’s foot (180 seconds). Case A is a left foot massage without aroma oil, case B is 
a right foot massage without aroma oil, case C is a left foot massage with aroma oil, and case D is a right foot 
massage with aroma oil. Each massage was performed for 24 minutes in total for Cases A through D. 
 
 
 
                                                    Fig. 1 Block design of experiment  
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3.  Result 
We performed our analysis by focusing on the following three points:  
 (1) The difference in brain blood flow during foot massages with and without aroma oil. 
 (2) The difference between males and females undergoing foot massages with aroma oil. 
 (3) The difference between brain blood flow during foot massages with aroma oil of the left and right foot. 
3.1 Difference in brain blood flow during foot massages with and without aroma oil   
We conducted a one-sample t-test (p<0.05) to examine the significance of the differences between massages with 
and without aroma oil. The examination results are shown in Tables 1 and 2. 
 
Table 1 Result of T-test (6 males, left foot) 
 
  somatosensory association area prefrontal association area 
CH first time second time first time second time 
1 + + - - 
2 + - - - 
3 + + - - 
4 + + - - 
5 - - - - 
6 + + - - 
7 - - + - 
8 + + + + 
9 - - - - 
10 + + - - 
11 - - + + 
12 - - - - 
13 - - + + 
14 - + - - 
15 + + - - 
16 - - + - 
17 + + - - 
18 - - - - 
19 - - - - 
20 + + - 
21 - - + + 
22 + + - - 
 
       +significant difference, Sample mean is +value 
        -significant difference, Sample mean is – value 
         Blank, No significant difference 
 
 
 
 
 
In the tables, + indicates a significant difference and the aroma oil massage demonstrates higher concentrations of 
oxy-Hb than massages without aroma oil. The - sign indicates a significant difference and the aroma oil massage 
demonstrates low concentrations of oxy-Hb. 
In Table 1, in the somatosensory association area, we observed significant differences between massages with 
and without aroma oil for the first massage and second massage for most channels. The sample mean number of the 
+ and - channels were the same. In the prefrontal association area, we observed significant differences between 
massages with and without aroma oil for the first massage and second massage in all channels. The sample mean of 
most channels was a minus. The oxy-Hb concentration trended downward. 
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Table 2 Result of T-test (9 females, left foot) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ significant difference, Sample mean is + value 
        - significant difference, Sample mean is - value 
 
     In Table 2, in the somatosensory association area, we observed significant differences between massages with 
and without aroma oil for the first massage and the second massage for all channels. In particular, in the second 
massage, the sample mean of most channels was a minus. The oxy-Hb concentration indicates a downward trend. In 
the prefrontal association area, we observed significant differences between massages with and without aroma oil 
for all channels. As with the somatosensory association area result, in the second massage, the sample mean of most 
channels was a minus. The oxy-Hb concentration indicates a downward trend. 
From the results of the t-test, for the left foot for males and the left and right foot for females, the oxy-Hb 
concentration trended downward with the aroma oil in most channels. 
3.2 The average waveform of the time-series graph 
We visualized the changes in oxy-Hb concentration by the average waveform of the time-series graph, as shown 
in Figs. 2 and 3. The 22 channels of the somatosensory association area and the prefrontal association area were 
divided into seven channels of the right temporal head, eight channels of the central head, and seven channels of the 
left temporal head, respectively. The average waveform of the time-series graph was averaged from the data of the 
six head parts. 
As shown in the average waveform of the time-series graph, there is a decreasing trend in oxy-Hb concentration 
when using aroma oil in the left foot massage for both males and females. For males versus females, we found that 
the difference between the use and non-use of aroma oil is large in a wide range of measurement regions for the left 
foot of females and, for females, the difference in the second massage with aroma oil is larger than the first. 
 
 
  somatosensory association area prefrontal association area 
CH first time second time first time second time 
1 + - - - 
2 + - + - 
3 + + + - 
4 - - - - 
5 - - + - 
6 + - + + 
7 + - - - 
8 - - + + 
9 - - - - 
10 - - - - 
11 + + + + 
12 + - + - 
13 + - + + 
14 - - - - 
15 - - - - 
16 - - - - 
17 + - + + 
18 - - - - 
19 - - - - 
20 + - + - 
21 - - + - 
22 + - - - 
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Fig. 2 Average waveform of left foot (6 males) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Average waveform of left foot (9 females) 
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the dispersion of the population, we used the Welch t-test, which is an unequal variance t-test. The significance level 
for each test is 5%. The results of the examination are shown in Table 5. 
  
Table 3 Results of independent two-sample-groups test 
 
          somatosensory association area prefrontal association area 
CH first time second time first time second time 
1 f f m m 
2 m f m m 
3 m f m m 
4 f f m f 
5 f f m m 
6 f f m m 
7 m m f f 
8 f f f f 
9 m f m f 
10 f f m f 
11 m m m f 
12 m f m m 
13 m m m m 
14 f f m f 
15 f f m f 
16 m f f f 
17 f f m m 
18 m m f f 
19 f f m f 
20 m f m f 
21 m f f f 
22 f f f f 
 
                          m: males, ox-Hb concentration showed decreasing trend  
                          f: females, oxy-Hb concentration showed decreasing trend 
 
 
In this table, "m" indicates that the sample mean of the difference for males is largely negative. On the contrary, 
"f" indicates that the sample mean of the difference for females is largely negative. In the somatosensory association 
area, for the first massage, "m" and "f" are equal, but, for the second massage, "f" is large. In the prefrontal 
association area, for the first massage, "m" is greater than “f” and, for the second massage, "f" is greater than “m.” 
The results clearly show that the difference in females is a larger negative than males in most channels for the 
second massage.   
 
(2) Result of boxplot  
We visualized the average of the differences in males for every channel and the average female difference in the 
boxplot in order to visualize and compare the differences with aroma oil between males and females and its size, as 
shown in Figs. 4 and 5. The vertical axis in the figure illustrates the size of the difference caused by the aroma oil, 
demonstrating that the oxy-Hb concentration has an upward tendency above 0 of the center and, below 0, has a 
downward tendency. The horizontal axis shows the channel number and the box using blue for male and red for 
female. 
As shown in the boxplot results, the oxy-Hb concentration for the second massage is larger than the first in both 
the somatosensory association area and the prefrontal association area. Also, the difference between males and 
females appears quite significant. 
1541 Kaoru Eto et al. /  Procedia Computer Science  96 ( 2016 )  1535 – 1542 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Somatosensory association area (left foot, second)      Fig. 5 Frontal association area (left foot, second) 
 
3.4 Difference in brain blood flow for the left and right foot massages 
We created a time series graph for the six head parts using the average value of the nine females’ oxy-HB 
concentration. The case when using aroma oil is shown in Fig. 6.  
  
 
                                                                                                                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 6 Average waveform with aroma oil (9 females) 
 
From the average waveform, in the case with aroma oil, it is apparent that the difference between the left and 
right foot massages is large in a wide range of the measurement region, with the difference in the somatosensory 
association area being particularly large.  
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4. Discussion and conclusion 
In this study, we visualized and examined differences in the cerebral blood flow of subjects undergoing foot care 
massages with and without aroma oil. We also examined differences between male and female subjects undergoing 
aroma oil foot massages and differences between massages of the left foot and right foot to clarify the aroma oil’s 
relaxation effect. Based on visualization and examination, the following results were obtained: 
(1) Difference in brain blood flow with and without aroma oil. 
The t-test results show that, when using aroma oil, the oxy-Hb concentration decreases in both males and 
females. From the average waveform of the time-series graph, aroma oil massage of the left foot for both males and 
females demonstrated a decreasing trend in oxy-Hb concentration. 
(2) Difference between males and females undergoing aroma oil foot massage. 
The independent two-sample-groups test demonstrated a large downward tendency in the oxy-Hb concentration 
in females and a large relaxing effect. With the second massage, the oxy-Hb concentration of females was greatly 
reduced and there was a significant difference between the males and females, indicating that the effect of the aroma 
oil increases in females with the passage of time. 
The boxplot results show that the oxy-Hb concentration for the second massage is larger than the first massage in 
both the somatosensory association area and the prefrontal association area. Also, the difference between males and 
females was significant. 
 (3) Difference in brain blood flow for left versus right foot massages. 
The average waveform results indicate that, for females, regardless of the presence or absence of aroma oil, oxy-
Hb concentration of the left foot tends to decrease.  
Based on our visualization and examination, we have confirmed that the relaxing effect of an aroma oil massage 
is greater than massage without aroma oils and that the relaxing effect of an aroma oil massage for females is greater 
than for males and greater for the left foot than the right. 
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